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(54) Silicon feed system 

(57) A silicon pellet feed system for use with a sili- 
con melt furnace used to grow a silicon web. A reservoir 
for containing feed particles is coupled to the upper end 
of a feed tube. The lower end of the feed tube is posi- 
tioned adjacent a pair of rotatable drive rollers driven by 
a motor through a coupling and a pair of gears. The roll- 
ers are mounted at an angle with respect to horizontal 
and the outlet end of the roller feed path is located 
above a delivery tube leading to the silicon melt furnace. 
The elements are surrounded by an enclosure having a 



vacuum outlet for enabling the enclosure to be evacu- 
ated to a working vacuum level and a gas inlet for ena- 
bling an inert gas to be back filled into the enclosure. 
The feed rate is determined by the angle of the drive 
rollers, the speed of the motor and the shape of the bot- 
tom end of the feed tube. The rollers are resilient to pro- 
vide enhanced surface friction for the particle flow and 
to prevent trapped feed particles from jamming the 
motor. 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates to an apparatus for growing s 
silicon dendritic web from a melt. More particularly, this 
invention relates to an improved feed system for supply- 
ing silicon feed stock to a melt contained in a furnace to 
continuously replenish the melt as single crystal silicon 
dendritic web is withdrawn. w 

The growth of an n- or p-type silicon dendritic web 
is typically accomplished in a system that includes a 
heated susceptor having a crucible containing molten 
silicon (the melt) within an inert atmosphere furnace. 
The heating is typically done by an inductive coil or a 15 
resistive heater, e.g. a relatively high current passed 
through graphite plates. The silicon web is formed by 
the solidification of a liquid film supported by surface 
tension between two silicon filaments known as den- 
drites. After formation of the web, these dendrites are 20 
removed from the web as it is processed into individual 
cells. The melt replenishment method is very important 
for decreasing costs and improving web growth and 
crystal quality. 

In a system for the growth of a dendritic web, silicon 25 
particles or pellets may be added at one or both ends of 
the crucible as the web crystals are grown in order to 
replenish the melt. The heat absorbed in the regions 
where melting of the replenishment materia! takes place 
creates a significant thermal imbalance in the region 30 
from which the web is drawn and disturbs growth. This 
disturbance can be reduced by the uniform, continuous 
input of silicon particles at a controlled rate. Long, con- 
tinuous growth of single crystal dendritic web silicon rib- 
bon requires that the melt be replenished with silicon as 35 
the crystal is being pulled. This can be done from a res- 
ervoir of silicon particles by a feeding mechanism 
located above the melt but outside of the furnace cham- 
ber. However, silicon shot, pellets and other irregular 
shapes and sizes that are commercially available cause 40 
the feeding mechanism to be erratic in operation. Prob- 
lems can range from operating without particles drop- 
ping into the melt to a catastrophic spill of particles into 
the melt causing molten silicon to overflow and destroy 
valuable molybdenum furnace parts. 45 

In addition to being complex and hence costly in 
terms of material utilization and in the amount of 
machining and assembly required, the former feeding 
mechanism occupies a large volume. If a larger quantity 
of silicon is released such that it overflows the crucible so 
or is misdirected and does not enter the proper opening, 
it reacts with and destroys expensive molybdenum fur- 
nace components. In the other extreme, if the operator 
of the feeding mechanism is unaware of the lack of par- 
ticles, the former feeding mechanism can operate 55 
empty for an extended period of time and result in the 
melt level dropping in the crucible and the web thinning 
and pulling out of the melt. Particles can also become 



jammed in small holes or tubes and not drop. This leads 
to gross uncertainty in the rate of silicon delivery to the 
melt. 

In some systems, such as vibratory feeders, parti- 
cle segregation can occur due to the quantity of material 
required in the vibratory bowl to initiate feeding. The 
particles separate after a period of time, with larger par- 
ticles moving toward the center and smaller particles 
toward the outside, where an inclined metal track is 
located. This makes calibration of this type of system 
difficult, since there is uncertainty as to what particle 
size will be discharged for any one given excitation level. 

It is therefore desired to have a silicon feed appara- 
tus which can deliver semiconductor grade silicon into a 
controlled atmosphere furnace by a system without 
metallic components that may contaminate the silicon, 
and that is capable of holding a vacuum of around 20 
millitorr so that the feed mechanism and the furnace can 
be evacuated and back-filled with an inert and moisture- 
free atmosphere. 

SUMMARY OF THE INVENTION 

The above disadvantages of the prior feed systems 
are overcome by an improved, reliable and much sim- 
pler feeding system. The apparatus of this invention has 
a pellet reservoir located above the feeding mechanism. 
The pellet reservoir is connected to the feeding mecha- 
nism by means of an upper supply tube which allows 
the pellets to flow by gravity. The shape at the end of the 
tube conforms to a large degree with the contour of a 
pair of feed rollers, which are located along the longitu- 
dinal axis of the feeding mechanism. The rollers, in 
close proximity with each other, are supported by a 
frame and are allowed to rotate on a set of bearings. 
The rollers are further joined together via a set of spur 
gears. In operation, rotating the drive roller in the direc- 
tion of the pellet flow allows the pellets to roll and rotate 
freely, thus exerting little resistance to the drive motor. 
By angling the rollers, gravity moves the pellets away 
from the feed tube and produces a serial string of pellets 
that move to the end of the roller. By controlling the rota- 
tion speed, one can control the rate that the pellets dis- 
charge off the roller. The pellets are then guided to the 
feed chamber in the furnace. 

For a fuller understanding of the nature and advan- 
tages of the invention, reference should be had to the 
ensuing detailed description taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view showing the chamber 
enclosure and the roller feeder mechanism con- 
tained within; 

FIG. 2 is a detail sectional view of the funnel rela- 
tionship to the pair of drive rollers; 
FIG. 3 is a detail front sectional view of the feed 
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tube showing the shape of the end of the tube; 
FIG. 4 is a detail side sectional view of the feed 
tube; and; 

FIG. 5 is a graph showing the relationship between 
drive roller rotation and feed rate at an angle of the 
drive rollers of ten degrees to horizontal 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Turning now to the drawings, Fig. 1 is a system 
incorporating the present invention for feeding various 
sized and shaped silicon particles to a silicon melt in a 
crucible within a furnace. An enclosure 8, capable of 
being hermetically sealed, is large enough to contain 
the present invention. A reservoir 3 contains various 
sized and shaped silicon particles 4. These particles are 
generally screened to lie within a range from about .6 
micron to about 2 micron in size. A tube 2 connects the 
supply reservoir 3 to the feed rollers 1. The end shape 
of the tube 2 determines the amount of particles that are 
released while the rollers 1 rotate. As best shown in 
Figs. 3 and 4, a downwardly extending tail 12 formed on 
the lower end of the feed tube 2 directs the majority of 
material flow onto the surface of rollers 1. The tail por- 
tion 12 has a pair of flanking arcuate wall sections 13 
which are contoured to be conformable with the proxi- 
mate surface portions of rollers 1. Tube 2 is preferably 
formed from stainless steel, such as type 303, 304 
stainless steel. 

The rollers 1 are coupled together via a set of spur 
gears 10 which have the same pitch diameters as the 
drive rollers. Referring to Fig. 2, the rollers 1 are of sub- 
stantially equal diameter and are preferably made from 
urethane rubber (56 Durometer Shore A, for example) 
to allow any pellet that gets caught between the lower 
end, of the feed tube 2 and either one of the drive rollers 
1 to deform the drive roller 1 and continue past, ejecting 
on the other side of the feed tube, without causing a jam 
and stalling the motor 7. The motor 7 is joined to one of 
the drive rollers 1 via a conventional coupling 6. Rollers 
1 are mounted for rotation on shielded bearings 5, 
which are held in position by means of a frame 9. Motor 
7 can be operated at different speeds to vary the feed 
rate to a desired amount. Pellets leave the lower end of 
the feed tube 2 at a rate that depends on the angle of 
inclination of the rollers 1 as well as the speed of rota- 
tion. The pellets proceed to the end of the roller 1 and 
roll off in serial fashion following the particle path 8 into 
the furnace (not shown). With urethane rollers 1, when 
rotation stops the pellets will also stop due to the friction 
of the roller surface. 

Frame enclosure 9 is provided with a vacuum outlet 
port 1 4 as well as a gas inlet port 1 6. Vacuum outlet port 
14 is coupled to a vacuum source so that the interior of 
frame enclosure 9 may be evacuated to a working level 
(preferably about 20 millitorr) after the feed material has 
been installed in reservoir 3. Gas inlet port 1 6 is coupled 



to a source of inert gas for the purpose of providing an 
inert atmosphere within the interior of frame enclosure 
9. The vacuum source and the inert gas source may be 
the same as those used to evacuate and provide an 

5 inert atmosphere to the associated silicon melt furnace. 
Experimental tests were conducted to determine 
the ability of the above described apparatus to maintain 
a constant feed rate. Table 1 below shows the feed rate 
as a function of roller speed in revolutions per minute 

10 (rpm) at a roller inclination of fifteen degrees to horizon- 
tal. The feed rate is not smooth because the supplied 
feed material is of large discrete quantities; however, 
the mechanism maintains a feed rate within an enve- 
lope about the desired feed rate line. 

15 
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25 



30 



RPM 


GJMIN. 


0.18 


0.038 


0.281 


0.0553 


0.382 


0.072 


0.485 


0.0925 


0.582 


0.1208 


0.6 


0.13 


1 


0.24 


1.4 


0.32 


2 


0.39 


2.3 


0.46 



35 Fig. 5 shows a plot of feed rate versus revolution 
per minute of the rollers for an inclination of ten degrees 
to horizontal. 

As will now be apparent, silicon feed systems fabri- 
cated in accordance with the teachings of the invention 

40 are capable of providing silicon feed material at a relia- 
ble feed rate. In particular, by adjusting the feed material 
particle size and with additional feedback control, much 
greater accuracy in maintaining a constant feed rate can 
be obtained. In addition, the invention provides a silicon 

45 feed apparatus capable of delivering silicon feed mate- 
rial into a controlled atmosphere furnace without the 
need for metallic components which might contaminate 
the silicon. In addition, the invention is capable of hold- 
ing a vacuum required for silicon web growth so that 

so both the feed mechanism and the associated furnace 
may be evacuated and back filled with an inert and 
moisture-free atmosphere. 

While the above provides a full and complete dis- 
closure of the preferred embodiments of the invention, 

55 various modifications, alternate constructions and 
equivalents will occur to those skilled in the art. There- 
fore, the above should not be construed as limiting the 
invention, which is defined by the appended claims. 
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Claims 

1. An apparatus for supplying feed particles to a sili- 
con melt furnace at a controllable rate, the appara- 
tus comprising: s 

a reservoir for containing a quantity of feed par- 
ticles; 

a delivery tube having a first end coupled to 
said reservoir and an open outlet end; 10 
a pair of rotatable drive rollers for providing a 
particle feed path, said open end of said deliv- 
ery tube being positioned adjacent said pair of 
drive rollers; 

means for rotating said drive rollers; and is 
an enclosure surrounding said reservoir, said 
delivery tube, said pair of rotatable drive rollers 
and said rotating means, said enclosure being 
capable of being evacuated to a working vac- 
uum level and containing inert gas, said enclo- so 
sure including a feed particle outlet, 

whereby operation of said rotating 
means causes said feed particles originally 
located in said reservoir to be fed by gravity 
through the delivery tube, out the outlet end 25 
and along the surfaces of said rollers to said 
feed particle outlet. 

2. The apparatus of claim 1 wherein said enclosure 
further includes a vacuum outlet port and a gas inlet 30 
port to facilitate evacuation of the interior of said 
enclosure to said working vacuum level and filling of 

the interior of said enclosure with an inert gas. 

3. The apparatus of claim 1 wherein said drive rollers 35 
are mounted at an angle with respect to a horizontal 
reference to facilitate the flow of feed particles 
along the surface thereof. 

4. The apparatus of claim 1 wherein said drive rollers 40 
are fabricated from a resilient material. 

5. The apparatus of claim 1 wherein said rotating 
means includes a drive motor, and a mutually 
engaged pair of gears mounted to said pair of drive 45 
rollers. 

6. The apparatus of claim 5 further including a drive 
coupling between said motor and one of said pair of 
drive rollers. 50 

7. The apparatus of claim 6 wherein said gears are 
mounted on the ends of said pair of drive rollers 
remote from said motor. 

55 

8. The apparatus of claim 1 wherein said feed tube 
outlet end has a tail portion extending between the 
surfaces of said pair of rollers. 
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